Polymerase chain reaction (PCR) with degenerate primers was utilized for partial cloning of the MADS box gene family from wheat (Triticum aestivum L.). PCR products corresponding to a part of the MADS box region were cloned and sequenced. Eleven individual clones sequenced were classified into seven types on the basis of the nucleotide sequence and five types on the deduced amino acid sequence, which included two wheat-specific MADS box protein sequences. RT-PCR analysis with degenerate primers revealed preferential expression of the MADS box genes in young spikes. Furthermore, genomic Southern blot analysis with degenerate PCR products as probes indicated that wheat MADS box genes constitute a multigene family and are dispersed throughout the genome.
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MADS box genes encode a family of transcription factors which contain a conserved DNA-binding domain of 56 amino acids, namely MADS box (see review of Shore and Sharrocks, 1995) . The name MADS is derived from the initials of the first four identified genes, yeast transcription factor MCM1, Arabidopsis flower homeotic gene AGA-MOUS (AG), Antirrhinum flower homeotic gene DEFICIENS (DEFA) and human serum response factor SRF . A number of MADS box genes have been recently isolated from several dicot plants such as Arabidopsis, Antirrhinum, tomato, tobacco, petunia, and Brassica napus (reviewed in Davies and Schwarz-Sommer, 1994) . After detailed studies on the MADS box genes of Arabidopsis and Antirrhinum, the MADS box genes have been mainly classified into two groups depending on their functions, i.e., floral meristem identity genes and floral organ identity genes (reviewed in Haughn et al., 1995) . The former such as CAULIFLOWER in Arabidopsis and SQUAMOSA in Antirrhinum specify inflorescence and floral meristem identity (Kempin et al., 1995; Huijser et al., 1992) , whereas the latter like APETALA3 (AP3) and DEFA define the identity of different flower organs, i.e., sepal, petal, stamen, and carpel (Jack et al., 1992; Sommer et al., 1990) .
In monocots, MADS box genes have been cloned from orchid (Lu et al., 1993) , maize (Schmidt et al., 1993) , rice (Chung et al., 1994) , and sorghum (Greco et al., 1997) . However, little is known about the functions of MADS box genes in monocots, although the MADS box genes are believed to play substantial roles on floral organ identity. Gramineous plants such as maize, rice, and wheat are worldwide important crops and show distinct patterns of flower development from dicots such as Arabidopsis and Antirrhinum. Therefore, it is very interesting and important for understanding flower diversification as well as crop improvement to clarify whether grasses rely on the mechanism of flower morphogenesis similar to Arabidopsis and Antirrhinum.
Systematic studies on nucleus-cytoplasm interactions between Triticum (wheat) and Aegilops (its wild relative) using nucleus-cytoplasm (NC) hybrids revealed a number of morphological as well as physiological anomalies caused by the mismatch between the nuclear genome and plasmon (Tsunewaki, 1996) . Out of such anomalies, the homeotic change of stamens to pistils, termed pistillody, is strikingly induced in alloplasmic wheats (Murai and Tsunewaki, 1993; Ogihara et al., 1997) . This means that in wheat the plasmon influence gene expression of floral organ identity genes corresponding to AP3 and PISTILLATA (PI) in Arabidopsis, which are associated with stamen development (Jack et al., 1992; Goto and Meyerowitz, 1994) . To study an aspect of molecular mechanism of pistillody caused by NC interaction in wheat, we have started to study wheat MADS box genes, in which orthologs of AP3 and PI should be included. In this study, we partially cloned MADS box genes from wheat by degenerate polymerase chain reaction (PCR) method. Furthermore, reverse transcription-PCR (RT-PCR) and genomic Southern analyses were performed to characterize the wheat MADS box genes. This is the first report on MADS box genes in wheat.
The amino acid sequence of the MADS box region is highly conserved among the different members of this gene family even in different species (reviewed in Shore and Sharrocks, 1995) . A pair of degenerate oligonucleotides encoding the peptides EIKRIEN and KKAYELSV, forward 5'-GA(A/G)ATIAA(A/G)(A/C)GGAT(A/C)GAGAAC-3' and reverse 5'-CACIGAIAG(C/T)TC(G/A)TAIGC(T/C)TT(T/ C)TT-3' respectively, was synthesized and supplied for PCR amplification of the MADS box sequence in 48 bp length (excluding primers) using wheat genomic DNA as a template. These primers are known to be good tools for amplifying MADS box gene fragments from various plant species (K. Yamaguchi, personal communication). Genomic DNA of Triticum aestivum cv. Norin 26 was isolated by a modification of the CTAB method (Abo-elwafa et al., 1995) . The PCR condition is as follows: initial denaturation at 94°C for 1 min; 30 cycles of 94°C for 30 sec, 50°C for 1 min and 72°C for 1 min; and final extension at 72°C for 2 min. PCR products were cloned into T-vector derived from pUC19 plasmid. Eleven individual clones were sequenced by an automated fluorescent sequencing system (Applied Biosystems, USA) with a dye deoxy terminator cycle sequence (Fig. 1) . The product of degenerate PCR is a mixture of fragments derived from different MADS box gene and each fragment is not necessarily amplified equally. However, as shown in Figure 1 , 11 clones were classified into seven types on the basis of the nucleotide sequence, suggesting that the degenerate PCR product is not extremely restricted within specific MADS box genes, but consists of fragments derived from many kind of MADS box genes. Figure 1 also shows their deduced amino acid sequences. Each clone contained a 48-bp nucleotide sequence corresponding to a portion of the MADS box region and 11 clones were classified into five types on the basis of the amino acid sequence (Fig. 1 and Table 1 ). Identity of the DNA and protein sequences with reported MADS box genes were analyzed using BLAST (Basic Local Alignment Search Tool) (Altschul et al., 1990) . No identical DNA sequence with the wheat MADS box fragments has been reported. On the other hand, protein sequences of types I, II, and III of the wheat MADS box fragments were identical with those of rice, maize, sorghum, tomato, petunia, or Arabidopsis MADS box genes reported previously (Table  1) . Wheat MADS box genes corresponding to types I, II, and III are likely to be orthologous with the MADS box genes reported in other plant species. Protein sequences of types IV and V have not been reported previously, that is, wheat-specific sequences. Isolation of full length genes corresponding to the clones is necessary for characterization of their functions.
An RT-PCR analysis was performed on total RNA isolated from young spikes (3-10 mm length), leaves, stems, and roots with degenerate PCR primers (Fig. 2) . Total RNA was isolated by ISOGEN (Nippon Gene, Japan) and the PCR condition was the same as that of genomic degenerate PCR except for 55°C annealing temperature. RT-PCR analysis revealed that the wheat MADS box genes corresponding to PCR products are preferentially expressed in young spikes, in which floral organ identity is determined (Murai and Tsunewaki, 1993) . This suggests that MADS box genes play similar roles for spike/spikelet/floret development, to those of Arabidopsis. Unlike Arabidopsis and Antirrhinum, the wheat flower consists of one pistil, three stamens and two lodicules, but no petals and sepals. This apparently suggests that wheat floral organ identity genes are expressed in a different manner from those of dicots explained as "ABC model" (Bowman et al., 1991) . Since most floral organ identity genes should be MADS box genes, it is interesting to understand the mechanism of MADS box genes in wheat floret development. In addition to young spikes, MADS box genes were also expressed in leaves, stems, and roots (Fig. 2) . In Arabidopsis, Rounsley et al. (1995) reported that several MADS box genes are expressed in vegetative tissues such as leaves and roots. These observations indicate that plant MADS box gene function is not restricted to flower morphogenesis but has diverse roles in plant development.
To assess the copy number of MADS box genes in wheat, Southern blot analysis of wheat genomic DNA was conducted. Genomic DNA was digested by restriction enzymes, electrophoresed in an agarose gel, blotted onto a nylon membrane, and hybridized with digoxigenin (DIG)-labeled degenerate PCR products which were made by degenerate PCR of genomic DNA whit DIG-11-dUTP (Boehringer Mannheim, Germany). Southern blot analysis revealed several strong and weak hybridizing bands in blot patterns (Fig. 3) . The strong hybridizing bands rep- 
OsMADS1 (Chung et al., 1994) , ZMM3, ZMM6 , OsMADS24, SbMADS1 (Greco et al., 1997) , TM5 (Pnueli et al., 1991) , FBP2 (Angenent et al., 1994) , AGL2 (Ma et al., 1991) and ZMM2 b After Fischer et al. (1995) . Fig. 2 . RT-PCR patterns with degenerate PCR primers. Total RNA was isolated from young spikes (3-10 mm length), leaves, stems and roots. First strand cDNA was synthesized from 0.25 µg total RNA and used as the template for PCR with degenerate primers. RT + and -indicate PCR products from first strand cDNA and total RNA as negative control, respectively. PCR products from genomic DNA or without template are also shown. Fig. 3 . Southern blot patterns of wheat genomic DNA with degenerate PCR products as probes. Total DNA (10 µg) isolated from leaves was digested by restriction enzyme, EcoRI (EI), EcoRV (EV) or HindIII (H), electrophoresed in a 0.8% agarose gel, transferred onto a nylon membrane and hybridized with DIG-labeled degenerate PCR probes. The position of HindIII-digested λDNA and HaeIII-digested ΦX174 DNA are indicated. Fig. 4 . Southern blot patterns of nulli-tetrasomics with degenerate PCR products as probes. Southern blot analysis was performed by the same method described in Fig. 3 . CS indicates wheat pure line "Chinese Spring". N and T mean nullisomy and tetrasomy, respectively. For example, N1AT1D indicates nulli-tetrasomic lines missing a pair of chromosome 1A that is replaced by an extra pair of chromosome 1D. * shows a missing strong hybridizing band in nulli 4A and nulli 5A lines.
resent multiple copy of MADS box genes, whereas weak bands correspond single to several genes. The result suggests that wheat MADS box genes constitute a multigene family. Southern blot analysis of genomic DNA from T. aestivum cv. Chinese Spring nulli-tetrasomics was also performed with the same degenerate PCR probes. Nulli-tetrasomics are defined as a series of lines missing a pair of chromosomes that are replaced by an extra pair of their homoeologous chromosomes (Sears 1966) . Chromosome locations of the genes should be thus determined by a lack of hybridizing band(s) for nullisomics, and an increased intensity of that for tetrasomics, against the pure line. Figure 4 shows that one strong hybridizing band was missing in nulli 4A and nulli 5A lines when genomic DNAs were digested by EcoRI. This indicates that some MADS box genes are located on at least chromosome 4A and 5A. The other strong hybridizing bands were identical in all nulli-tetrasomics. In Southern blot pattern with EcoRV or HindIII digestion, strong hybridizing band patterns of nulli-tetrasomics are identical with that of the pure line. These observations suggests that MADS box genes are not highly clustered in the wheat genome but appear dispersed in distribution throughout the genome. Fischer et al. (1995) and Mena et al. (1995) determined the chromosomal locations of 23 and 34 MADS box genes, respectively, in maize, and demonstrated that the MADS box genes are scattered throughout the maize genome. Dispersed localization of MADS box genes may be a general feature in plant species.
